Progressive Tool Flank Wear And Surface Roughness When Turning AISI 1017 Mild Steel Using Reduced Thickness Inserts In Finishing Cutting Conditions by S. A., Che Ghani et al.
Progressive tool flank wear and surface roughness when turning AISI 1017 mild steel
using reduced thickness inserts in finishing cutting conditions
Saiful Anwar Che Ghani, Mohd Hafizu Zakaria, Wan Sharuzi Wan Harun, and Zakri Ghazalli
Citation: AIP Conference Proceedings 1901, 040003 (2017);
View online: https://doi.org/10.1063/1.5010492
View Table of Contents: http://aip.scitation.org/toc/apc/1901/1
Published by the American Institute of Physics
Progressive Tool Flank Wear and Surface Roughness When 
Turning AISI 1017 Mild Steel Using Reduced Thickness 
Inserts in Finishing Cutting Conditions 
 
Saiful Anwar Che Ghani1,a), Mohd Hafizu Zakaria1,b), Wan Sharuzi Wan Harun1,c), 
and Zakri Ghazalli1,d)  
 
1Human Engineering Group, Faculty of Mechanical Engineering, Universiti Malaysia Pahang, 26600 Pekan, 
Pahang, Malaysia, 
 
a) Corresponding author: anwarcg@ump.edu.my 
b) mohdhafizu.z@gmail.com 
c) sharuzi@ump.edu.my 
d) zakri@ump.edu.my 
Abstract. Tool wear is a major aspect in metal cutting, especially during steel machining. This studies the capability of 1 
mm thick uncoated tungsten carbide insert during the turning of AISI 1017 mild steel. The reduction of insert thickness will 
lead to a more economical and efficient use of material and energy during fabrication, operation, and disposal of the cutting 
insert. Axial machining trials have been performed using the finishing cutting conditions. Tool flank wear and workpiece 
surface roughness were analysed using an optical microscope and contact perthometer device, respectively. The data of 
flank wear and surface roughness achieved were used to analyse the capability of replacing 4 mm thick cutting inserts with 
1 mm thick cutting inserts. The results showed that the flank wear and the surface roughness of conventional inserts 
performed better as compared to the 1 mm thick insert with a significant difference of 5.74 % and 1.57 %. Thus, the 
experimental study shows that the 1 mm thick insert performed as good as a conventional cutting insert in terms of tool life 
and surface roughness quality. 
INTRODUCTION 
The US usage of metal working liquids (MWFs) was assessed at 100 million gallons every year, and the current 
overall consumption was 640 million gallons, where 52 % was consumed for machining usage and 31 % was 
connected to stamping forms [1]. In machining operations, the contact between a workpiece and a cutting tool creates 
a high cutting zone temperature. The high heat generated results in low surface integrity of the manufactured parts 
due to the blunt residual stresses, surface and subsurface micro cracks to rapid corrosion, and oxidation. The high 
temperature also caused premature failure and dimensional deviation of cutting tools [2, 3]. 
The MWFs lessen the contact between the cutting tools and the workpiece, avoiding irritation, ensure surface 
qualities, diminish surface bond or welding, parity heat era impacts, and flush away swarfs, chips, fines and build up 
[4]. On the contrary, there are major drawbacks with the utilisation of MWFs including the cost involved and the 
negative well-being impacts. For industries, a huge amount of total machining costs is due to the cutting fluids. The 
cost of the cutting fluids is normally higher than the cutting tools [5, 6]. It was evaluated that 1.2 million specialists 
are conceivably exposed to the unsafe/perpetual toxicology influences by the MWFs [7]. MWFs affect the well-being 
critically in five fundamental zones: occupational health trend, worldwide ecological execution, known occupational 
health effects, suspected occupational health effects, and machining financial aspects [8-14]. Subsequently, an 
alternative method should be applied to overcome this problem.  
Nowadays, researchers have proposed alternative techniques such as Minimum Quantity Lubrication (MQL) [15-
17], cryogenic [18-20], and dry machining [21-23]. Dry machining has gained a great interest where this technique 
has successfully be implemented in the field of environmentally friendly manufacturing [24, 25] and could reduce the 
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manufacturing costs. Other than the impact on the tool wear, these lubrication techniques are perceived to firmly 
influence the machine surface integrity. As introduced above, tool wear and tool life are the important criteria affecting 
the machining process and the quality of the manufactured parts. Subsequently, controlling tool wear can remarkably 
enhance the machining performance. 
One of the major issues in machining is the rapid tool wear especially in turning of steel resulting in short tool life 
[26, 27]. Despite the fact that the tool wear alone can be considered as the only parameter influencing the machining 
procedure, it significantly affects the general machining process and the product quality. Surface finish is important 
to index machinability performance. Whereas, service life of the machined/ground component is often affected by its 
surface finish, the nature and the extent of residual stresses, and the presence of surface or subsurface microcracks, if 
any, particularly when that component is to be used under dynamic loading or in conjugation with some other mating 
part(s). A good surface finish, if essential, can be attained by the finishing processes such as grinding. The machining 
of parts before grinding needs to be conducted with the condition of low surface roughness to expedite and at the same 
time economise the grinding operation while lessening the initial surface defects as much as possible. The major 
reasons behind the growth of surface roughness in continual machining processes like turning, particularly of ductile 
metals are (i) regular feed marks left by the tool tip on the cut surface, (ii) uneven deformation of the auxiliary cutting 
edge at the tool-tip due to chipping, fracturing and wear, (iii) vibration in the machining system, and (iv) built-up edge 
formation, if any. 
In order to overcome the drawbacks in machining such as high cost and negative impacts, this paper aims to study 
the potential of reducing the thickness of the uncoated cutting inserts during the turning of AISI 1017 mild steel. By 
using the finishing cutting conditions, tool life and surface roughness of workpiece were analysed to study the feasible 
performance of 1 mm thickness inserts to be used in the turning process. 
EXPERIMENTAL  
Workpiece Materials 
The workpiece material used in all of the experiments was a bar of an AISI 1017 carbon steel with a nominal 
composition (wt.%) given as C:0.15; Mn:0.3; P:0.04; S:0.04; and Fe:remainder. An AISI 1017 has low hardenability 
and low tensile carbon steel which could offer high machinability, high strength, high ductility, and good weldability. 
The mechanical properties of the tested material are shown in Table 1. 
TABLE 1. Mechanical properties of AISI 1017 carbon steel. 
Workpiece material Ultimate Tensile 
Strength (Mpa) 
Elongation (%) Modulus of 
Elasticity (Gpa) 
Hardness (HB) 
AISI 1017 405 18 190 116 
Cutting Tool Material 
A customised 1 mm thickness of uncoated tungsten carbide tool insert, similar to ISO designation CNMN 120108, 
was used for the machining experiments. The tools can be disposable with rhombic shape without a chip-breaker. The 
inserts are composed of 94 wt.% tungsten carbide with 6 wt.% of cobalt as a binder.  
Cutting Trials 
All machining experiments were carried out on HAAS SL40 CNC lathe machine. The CNC lathe has a continuous 
variable spindle speed. This type of lathe is particularly useful during the machining of bars with different diameters 
at the same cutting speed. Based on ISO 3685 [28], the depth of cut was kept constant at  0.05 mm, and the feed rate 
were set at 0.1 mm per revolution. It was decided not to use greater depths of cut due to the limited supply of the 
materials. The surface speeds employed during the machining tests were 100 m/min. All the experiments were carried 
out in dry machining condition. 
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Wear Measurement and Tool Life Criteria 
The tools were examined after each pre-determined cutting time until they failed. The tenacious nature of carbon 
steel-masked was worn on all the surfaces, resulting in difficulties during the measurement. The average and maximum 
flank wear lands, notch wear at the nose, and the depth of cut was measured by using a Dino-Lite optical microscope 
with a magnification ranging from 50 to 220 times. The International Standards Organisation (ISO 3685) [28] has 
suggested a standard for tool life testing. The criteria listed were used as a basis for rejecting a tool: (i) when the 
average flank wear reached 0.3 mm or the maximum flank wear reached 0.6 mm, (ii) when the notch at a depth of cut 
reached 1.00 mm, (iii) when the crater wear depth reached 0.14 mm, (iv) when the surface finish on the work material 
exceeded 6 μm at centre line average, and (v) when flaking or fracture occurred. Cutting was stopped when any of the 
above occurred. Cutting was abandoned and the tools were discarded when a catastrophic fracture of the edge was 
observed. 
RESULTS AND DISCUSSIONS 
The results presented in this paper were an early or preliminary report on the study of the machinability of AISI 
1017 using 1 mm thick uncoated carbide tools. The cutting tools experienced severe mechanical and thermal damage 
during the machining of mild steel under the fixed cutting conditions.  
Tool Wear 
The temperature generated within the primary and secondary shear zones affects the wear rate of tool materials. 
Hence, the high cutting temperature often results in severe tool wear, such as plastic deformation, chipping, and 
fracture at the cutting edge. There are several types of wear mechanisms that can influence the tool wear and 
subsequently the tool life when machining AISI 1017 mild steel. 
Flank Face Wear 
The flank values of the uncoated tungsten carbide inserts and conventional inserts with cutting speed of 110 m/min, 
the feed rate of 0.1 mm/rev, and depth of cut of 0.05 mm were presented in Figure 1. It can be observed that the flank 
wear curve is divided into three stages namely the initial stage, followed by the gradual stage, and finally the abrupt 
stage of wear. This behaviour was also discussed in detail and reported by other researchers [29-31]. The width of 
wear increased swiftly, accompanied by the formation of severe abrasive marks, with further cutting. Upon reaching 
a certain wear value, the flank wear was relatively constant and followed by the abrupt wear until the wear criterion 
was reached. According to the experimental results, conventional insert performed better than 1 mm thick insert by 
only 5.45 %, where the difference could be neglected. 
 
 
FIGURE 1. Flank wear curve (a); Flank wear at 10 minutes of cutting time (b); Flank wear at 130 minutes of cutting time (c). 
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Surface Roughness 
The results of the conventional and 1 mm thick inserts surface roughness after machining of the AISI 1017 mild 
steel are shown in Figure 2. It is clearly shown that even after the end of tool life, the surface roughness of parts 
produced is still in good condition in which the tool still could perform at its best. Based on the experimental results, 
the performance of conventional inserts is 1.57 % better than 1 mm thick insert. The difference was too small, thus 
the performance of 1 mm thick inserts is more acceptable compared to conventional insert. 
 
 
FIGURE 2. Surface roughness curve 
CONCLUSIONS 
In this study, the performance of reducing cutting insert in turning process was investigated by analysed the tool 
life and surface roughness of the machined parts. This paper concluded that progressive tool wear of uncoated 1 mm 
thick tungsten carbide cutting inserts are generally divided into three stages namely the initial stage, followed by the 
gradual stage, and finally the abrupt stage of wear. According to experimental tests, the flank faces of 1 mm thick 
uncoated cutting inserts were regularly worn in zone B. In addition, wear occurred in the range of 0.4-0.6 mm from 
the cutting edge. The key advantage of reducing thickness inserts shows the high performance for finishing cutting 
condition. It has been proved that the duration of tool life was longer with 5.45 % improvement in performance 
compared to the conventional inserts, and the surface roughness was lower even after the end of tool life. As the 
forthcoming work, the surface integrity and wear behaviour of coated cutting inserts for better performance will be 
assessed. 
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